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Duration for Apical Barrier Formation in Necrotic
Immature Permanent Incisors Treated With Calcium
Hydroxide Apexification Using Ultrasonic or Hand Filing
Li-Wan Lee,1,2,3* Sheng-Huang Hsiao,2,3 Chao-Ching Chang,1,2,3 Li-Kai Chen1,2
Background/Purpose: Traumatic injury usually results in pulp necrosis of immature permanent incisors
in children aged 7–10 years. Calcium hydroxide apexification is the most common treatment for necrotic,
immature permanent teeth. This study compared the duration for apical barrier formation in necrotic im-
mature permanent incisors treated with calcium hydroxide apexification using ultrasonic or hand filing.
Methods: Thirty-two trauma-induced necrotic immature permanent incisors with or without a periapical
lesion (PL) were selected from children aged 7–10 years. They were evenly divided into four groups. Teeth
in groups 1 (with PL) and 2 (without PL) were treated with ultrasonic filing, and teeth in groups 3 (with PL)
and 4 (without PL) were treated with hand filing. The canals were cleaned with 0.2% chlorhexidine solu-
tion during treatment and then compactly filled with calcium hydroxide. The patients were followed up
once every 1–3 weeks to change the intracanal medication and to detect when the apical barrier formed.
Results: The mean duration for apical barrier formation was 11.1 ± 1.1 weeks, 11.8 ± 1.0 weeks, 13.3 ± 0.9
weeks and 13.4±0.7 weeks for groups 1, 2, 3 and 4, respectively. Student’s t test showed significant differences
in the mean duration for apical barrier formation between groups 1 + 2 and 3 + 4 (p = 0.000), groups 1 and
3 (p = 0.000), and groups 2 and 4 (p = 0.002). These results indicated that teeth treated with ultrasonic filing
required a shorter mean duration for apical barrier formation than teeth treated with hand filing, regardless
of the presence of PL or not.
Conclusion: Ultrasonic filing with 0.2% chlorhexidine as an irrigant is effective for disinfection of the
root canal and can shorten the duration for apical barrier formation in necrotic permanent incisors treated
with calcium hydroxide apexification.
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Children aged 7–10 years account for 30% of the
patients who suffer from traumatic tooth injuries.1
During the trauma incident, upper and lower in-
cisors are frequently injured. The trauma usually
results in pulp necrosis of immature permanent
incisors in children aged 7–10 years. Calcium hy-
droxide apexification is the most common treat-
ment for necrotic immature permanent teeth.2
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Before the invention of ultrasonics, hand filing
was used for cleaning the necrotic pulp tissue.
Necrotic immature permanent teeth treated with
calcium hydroxide apexification using conven-
tional hand filing can require a long period to
form the apical barrier.2 A long treatment period
can increase the chance of infection. Moreover,
excessive hand filing might injure remnants of
Hertwig’s root sheath and apical papilla,3 which
leads to cessation of further root apex formation.
In addition, excessive hand filing might damage
the immature permanent teeth with a thin denti-
nal wall, which results in easy fracture of teeth after
treatment. Ultrasonic filing has the potential to re-
place conventional hand filing, because it has a
high efficacy of cleaning the infected root canal.4–6
Endosonics was first introduced by Richman
in 1957,4 but it did not become accepted until
Martin’s study in 1976.5 Endosonics cause three-
dimensional vibration of a file in the surrounding
medium, which creates cavitation, acoustic strea-
ming, heat, and chemical reactions.5–7 Fluid shear
stress thus formed and causes the collapse of bub-
bles and vacuum like implosions, which causes
radiating shock waves. The generated effect can
rupture a cell wall and thus create effective scrub-
bing and cleaning of the root canal surface. If
combined with antibacterial irrigation solution,
ultrasonics cause rapid penetration of antimicro-
bial agent into the dentinal tubules, and this pro-
duces a sonosynergistic effect on disinfection of
the root canal system.5 According to the study of
Ahmad et al,7 ultrasonics using a small file with-
out direct contact with the canal wall can create
greater acoustic streaming, larger velocity, and
more power, and cleans the root canal surface
more effectively than using a large file with direct
contact with the canal wall. This advantage can be
used to prevent fracture of thin-walled, necrotic
immature permanent teeth treated with calcium
hydroxide apexification.7
Our previous study has shown that, when
using distilled water as an irrigant, ultrasonic filing
has a better antibacterial effect than does hand fil-
ing. Moreover, when EDTA was used as an irrig-
ant, ultrasonic filing also had a better antibacterial
effect than hand filing.8 In addition, our previous
study also has demonstrated that 0.2% chlorhex-
idine (CHX) solution has a better antibacterial
effect than EDTA as an intracanal irrigant, when
using either ultrasonic or hand filing.9
In the present study, we compared the duration
for apical barrier formation in necrotic immature
permanent incisors treated with calcium hydrox-
ide apexification using either ultrasonic or hand
filing. Thirty-two trauma-induced, necrotic imma-
ture permanent incisors, with or without a peri-
apical lesion (PL) were selected from children aged
7–10 years. They were evenly divided into four
groups of eight. Teeth in groups 1 (with PL) and
2 (without PL) were treated with ultrasonic filing,
and teeth in groups 3 (with PL) and 4 (without
PL) were treated with hand filing. In this study we
chose CHX solution as an intracanal irrigant be-
cause it possesses broad spectrum antimicrobial
activity, and is not corrosive or deleterious to soft
tissues or instruments. The patients were followed
up to change the intracanal medication and to
detect when the apical barrier formed.
Materials and Methods
Thirty-two nonvital, immature permanent incisors
with open apices, approximately 3 mm in diame-
ter, were collected from 31 patients (21 boys and
10 girls, aged 7–10 years) who were treated in the
Department of Dentistry, Taipei City Hospital,
Renai Branch, Taipei, Taiwan. In one patient, both
right and left upper central incisors were included;
in the other 30 patients, only one tooth was se-
lected. Of the 32 teeth, 16 were maxillary central
incisors, 12 were maxillary lateral incisors, and
four were mandibular central incisors. These 32
teeth were evenly divided into four groups ac-
cording to their tooth type and the presence or
absence of a radiolucent PL (Table 1). In each
group, there were four maxillary central incisors,
three maxillary lateral incisors, and one mandibu-
lar central incisor. Moreover, teeth in groups 1 and
3 showed the presence of PLs, whereas teeth in
groups 2 and 4 had no PLs. Teeth in groups 1 and 2
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were prepared by ultrasonic filing, and those in
groups 3 and 4 were prepared by hand filing
(Table 1).
In this study, 0.2% CHX solution was used
for irrigation of the root canal during or after fil-
ing in all treated teeth. The ENAC ultrasonic ma-
chine (OE-2, 30 kHz; Osada Electric Co., Ltd.,
Tokyo, Japan) was used for treatment of 16 teeth
with ultrasonic filing. The pulp chamber was ac-
cessed, the canal pathway was found using a size
10 or 15 hand K file, and the working length
(WL) to the terminal of the opening of the apex
was established. If the samples were maxillary
teeth, the maxillary arch was positioned horizon-
tally before ultrasonic filing. In the entire ultra-
sonic filing procedure, the canal was pre-filled with
the CHX solution and the working file was kept
in a position without contacting the root canal
wall, to increase the cleaning efficacy and prevent
damage to the thin dentinal wall of the root. An
ultrasonic size 15 file was inserted into the root
canal up to 1–2 mm shorter than the WL, main-
tained in a fixed position, and kept oscillating for
10 seconds. Then, it was moved up and down and
kept oscillating for another 60 seconds. After that,
a size 30 file was inserted into the root canal and
kept oscillating for 90 seconds. A size 15 file was
used again and kept oscillating for another 20 sec-
onds. Thus, the total ultrasonic filing period was
3 minutes, and a total of 90 mL CHX solution was
used for irrigation of the root canal. Therefore, the
rate of root canal irrigation was 30 mL/min.
For the 16 teeth treated with hand filing, the
canal pathway was found using a size 10 or 15
hand file and the WL was established. The canal
was filed sequentially using six files, from the small
to the larger files (size 10–35 or size 15–40). The
final three files were step-backed to avoid ledge
formation. Irrigation with 15 mL CHX solution
was performed before changing to the next larger
file. The total amount of irrigation solution used
was also 90 mL. After finishing the filing proce-
dures, each of the canals was dried using three
paper points, camphorated monochlorophenol
was used as intracanal medication for 3 days, and
intermediate restorative material was used to seal
the cavity. Cephalexin (Ulex, 250 mg qid for 
3 days) was prescribed to 16 patients with PLs,
because all these patients had acute or chronic
inflammatory signs and symptoms. All of our pa-
tients stated that these signs and symptoms sub-
sided 3 days later. During the second appointment,
each canal was irrigated with CHX solution and
dried by three #35 paper points. Calcium hydrox-
ide was mixed with saline to a thick consistency
and a lentulo spiral was used to carry the well-
mixed calcium hydroxide to the apical part of the
canal until it was 1 mm shorter than the WL. The
rest of the root canal was then filled with pasty
calcium hydroxide which was carried into the
canal by a clean metal carrier and was backfilled
with a root canal plugger. After filling, samples
underwent radiographic examination to confirm
whether the canals were compactly filled. For the
incompletely filled tooth, the canal was refilled
with calcium hydroxide until it showed a com-
pletely compact filling by radiography. Overfill-
ing of calcium hydroxide was avoided to prevent
tissue toxicity and delayed healing.
After placement of calcium hydroxide in the
root canal, the treated teeth were followed up once
every 3 weeks in the initial 9 weeks and then once
weekly thereafter. In the initial three follow-up
appointments, the tooth was first checked by 
Table 1. Presence or absence of periapical lesion, type of filing, and distribution of 32 necrotic immature
permanent incisors in 4 different experiment groups (n = 8/group)
Group Upper central incisor Upper lateral incisor Lower central incisor Periapical lesion Type of filing
1 4 3 1 Present Ultrasonic
2 4 3 1 Absent Ultrasonic
3 4 3 1 Present Hand
4 4 3 1 Absent Hand
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radiography to examine whether the calcium hy-
droxide was washed out and whether a hard tissue
barrier had formed. If the calcium hydroxide was
washed out, it was replaced as before. If not, it
was left intact for another 3 weeks. From the fourth
follow-up appointment, when completion of a
hard tissue barrier was suspected, the calcium hy-
droxide was removed by irrigation with sodium
hypochlorite solution. The teeth were checked by
radiography to examine the radiodensity of the
apical stop. For teeth that showed possible apical
barrier formation, a thin explorer was used to de-
tect whether there was a real apical hard tissue
barrier. For those without apical barrier forma-
tion, the root canal was replaced with calcium
hydroxide as before. Until the root apex and apical
barrier formation were detected by radiographic
examination and gentle probing, the canals were
filled with Sealapex (Kerr. Co., Romulus, MI, USA)
and gutta percha points by the lateral condensa-
tion technique. The exact duration from the be-
ginning of treatment to apical barrier formation
was recorded.
Results
The mean duration for apical barrier formation
was 11.1 ± 1.1 weeks, 11.8 ± 1.0 weeks, 13.3 ± 0.9
weeks and 13.4 ± 0.7 weeks for groups 1, 2, 3 and
4, respectively (Table 2). In addition, the mean du-
ration was 11.4 ± 1.1 weeks (range, 10–13 weeks)
for groups 1 + 2 and 13.3 ± 0.8 weeks (range, 12–
14 weeks) for groups 3 + 4. Student’s t test showed
significant differences in the mean duration for
apical barrier formation between groups 1 + 2 and
3 + 4 (p = 0.000), groups 1 and 3 (p = 0.000), and
groups 2 and 4 (p = 0.002). However, there was no
significant difference in the mean duration for api-
cal barrier formation between groups 1 and 2 and
groups 3 and 4. These results indicated that teeth
treated with ultrasonic filing (Figures A–C) needed
a shorter mean duration for apical barrier forma-
tion than those treated with hand filing (Figures
D–F), despite of the presence of radiolucent PLs
and acute or chronic inflammation. No root frac-
ture occurred during the treatment and follow-up
periods. However, crown fracture was noted in a
right upper lateral incisor (Figures E and F).
Discussion
In this study, 32 teeth (16 with PL and 16 with-
out PL) were selected. All of them were upper or
lower incisors with traumatic injury. To avoid
bias, 32 incisors were evenly divided into four
groups, with each group having the same number
and type of teeth, as well as a similar correspon-
ding apical condition, for easy comparison of ef-
fect. We found that teeth treated with ultrasonic
filing needed a shorter mean duration to form
the apical barrier than those treated with hand
filing. In addition, it did not take more time to
form the apical barriers in teeth with PLs than in
those without. These results were consistent with
those from the studies of Yates10 and Mackie et al.11
However, Kleier and Barr12 showed that teeth with
PLs take more time to form the apical barriers
than those without PLs.
Table 2. Mean durations for apical barrier formation in four different experiment groups (n = 8/group)
Group Periapical lesion Type of filing
Duration for apical barrier 
formation (wk)
1 Present Ultrasonic 11.1 ± 1.1
11.4 ± 1.1
2 Absent Ultrasonic 11.8 ± 1.0
3 Present Hand 13.3 ± 0.9
13.3 ± 0.8
4 Absent Hand 13.4 ± 0.7
Student's t test showed significant differences in the mean duration for apical barrier formation between groups 1 + 2 and 3 + 4
(p = 0.000), between groups 1 and 3 (p = 0.000), and between groups 2 and 4 (p = 0.002).
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In the present study, teeth treated with ultra-
sonic filing took an average of 11.4 weeks (range,
10–13 weeks) to form the apical barrier, whereas,
in the studies of Finucane and Kinirons13 and
Kleier and Barr,12 teeth treated with conventional
hand filing took a mean duration of 34.2 weeks
(range, 13–67 weeks) and 11.6 months (range,
1–30 months), respectively, to form the apical bar-
rier. We suggest that the faster apical barrier for-
mation in the present study could have been due
to the use of ultrasonic filing and CHX as the ir-
rigation solution. Endosonics can rupture bacter-
ial cell walls and provide effective cleaning of the
infected root canal.5,8 Moreover, CHX has broad-
spectrum antimicrobial potential against fungi,
yeast, Gram-negative and Gram-positive bacteria,
and also has antiviral potential against lipophilic
viruses.14 The most important advantage of using
CHX as an irrigant in this study was that it could
effectively inhibit the growth of obligate anaer-
obes such as Fusonucleatum nucleatum,15,16 and
alkaline-resistant bacteria such as Enterococcus
faecalis.16,17 These two types of bacteria can cause
persistent endodontic infection and provoke seri-
ous infectious signs and symptoms.14–16 Further-
more, CHX comprises cationic molecules that
attach to microbial cell surfaces and react with
negatively charged molecules in the cell mem-
brane, which reduces the surface charge and in-
duces lysis of the microbes.14 However, CHX does
A B C
D E F
Figure. Radiographs of two necrotic immature permanent incisors treated with calcium hydroxide apexification using either
ultrasonic filing (A–C) or hand filing (D–F). (A) Initial radiograph of the left upper central incisor showing a wide open apex
and a radiolucent periapical lesion. (B) Radiograph of the left upper central incisor taken 9 weeks after initial treatment,
demonstrating calcium hydroxide filling in the root canal and partial healing of the periapical bone. (C) Radiograph of the
left upper central incisor taken 10 weeks after initial treatment, exhibiting gutta-percha point filling in the root canal, apical
barrier and root apex formation, and nearly complete healing of the periapical bone. (D) Initial radiograph of the right
upper lateral incisor showing a wide open apex but no periapical lesion. (E) Radiograph of the right upper lateral incisor
taken 13 weeks after initial treatment, demonstrating partial root apex formation after calcium hydroxide apexification,
and crown fracture. (F) Radiograph of the retained root of the right upper lateral incisor taken 14 weeks after initial treat-
ment, exhibiting gutta-percha point filling in the root canal, as well as apical barrier and root apex formation.
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not cause pulpal tissue lysis in the same way as
sodium hypochlorite,14,15 and possesses no irri-
tant potential or corrosive activity. In fact, CHX
had already been used as a root canal irrigant 
in vitro in 1971.18 In addition, it has been proven
that CHX as an irrigation solution has a better an-
timicrobial effect than EDTA, by either endosonics
or hand instrumentation.9
In addition, the combination of ultrasonic
filing and sufficient irrigation with antimicrobial
CHX solution could produce a sonosynergistic
effect,5,6,8,9 which leads to better disinfection and
cleaning of the infected root canals. This played
an important role in reducing signs and symptoms
of infection and resulted in faster formation of
the root apex and apical barrier. Mayer et al19 re-
ported that the cleaning effect generated by endo-
sonic irrigation for 1 minute equals that generated
by syringe irrigation for 18 minutes. The ultrasonic
machine deployed in the present study used a pie-
zoelectric vibrator of 30 kHz, whereas others use a
magnetic vibrator of 25 kHz. Higher electromag-
netic wave frequency might also lead to more effi-
cient cleaning. Our study was designed to keep the
ultrasonic file out of contact with the root canal
wall;7 this kind of ultrasonic instrumentation could
protect the thin fragile dentinal wall from fracture.
Additionally, the patients in this study were young
(7–10 years) and might have a greater regeneration
potential than older patients. This could also con-
tribute to faster apical barrier formation after treat-
ment with calcium hydroxide apexification.
Calcium hydroxide is the most widely used
medication for apexification,2 because it has a very
good antimicrobial effect. Calcium hydroxide can
release hydroxyl ions20,21 that cause protein de-
naturation and bacterial DNA damage. Besides
killing bacteria, calcium hydroxide also has the
ability to hydrolyze the lipid moiety of lipo-
polysaccharide in the dead bacterial cell wall,
which results in cessation of lipopolysaccharide
induced inflammation in the periradicular tissue.21
When calcium hydroxide is used as an intracanal
medication for 1 week, it can reduce the number of
bacteria in the root canal by 92.5%.22 Further-
more, calcium hydroxide can induce underlying
tissues to produce large amounts of mineralized
matrices. In the matrix attached to calcium, cal-
cified foci induce calcification of newly formed
collagenous matrix.23 The high pH of calcium
hydroxide also plays an important role in induc-
ing hard tissue formation. Javelet et al24 found that
periapical repair and apical barrier formation are
easier at pH 11.8 than pH 4.4. Besides, calcium
ions accelerate collagen formation and repair by
affecting pyrophosphatase. The advantages men-
tioned above might explain why the apical barrier
forms faster when calcium hydroxide is used as
intracanal medication in apexification.
In the present study, necrotic, immature perma-
nent incisors treated with calcium hydroxide apex-
ification using ultrasonic filing needed a shorter
mean duration to form the apical barrier than teeth
treated with calcium hydroxide apexification using
hand filing, regardless of the presence of radiolu-
cent PLs and acute or chronic inflammations.
Ultrasonic filing with CHX as an irrigant is effec-
tive for disinfection of the root canal and might
shorten the duration for apical barrier formation
in necrotic permanent incisors treated with cal-
cium hydroxide apexification.
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